T
HE subependymoma was first categorized as a distinct histopathological entity by Scheinker in 19451~ in a report describing seven cases. The tumor remained of interest mainly to the neuropathologist because of the generally held view that it was usually an incidental finding at autopsy. Subependymomas were considered to arise from the subependymal glia because of its characteristic composition of mature fibrillary astrocytes and the profusion of glial fibers interspersed with ependymal cells. After the initial report, the literature on the tumor was devoted to speculation as to the cell of origi n2'3'5'9 until a series of 21 symptomatic subependymomas was published by Scheithauer 1~ in 1978. This established the clinical relevance of the tumor and documented the high operative mortality rate associated with its excision. In Scheithauer's series, 1~ the fourth ventricle harbored the majority of incidental lesions, but this site was associated with a worse prognosis if the tumor became symptomatic.
We have reviewed our experience with subependymomas of the fourth ventricle, analyzing the cases with regard to presentation, radiological appearance, and operative findings. The gross and microscopic pathology was reviewed and the outcome of the patients documented.
Summary of Cases

Clinical Features
Between 1970 and 1983, 12 patients underwent suboccipital craniectomy for a posterior fossa tumor that was later diagnosed histologically as a subependymoma. There were nine men and three women, with an average age of 55.6 years (range 46 to 70 years). The duration of symptoms prior to presentation varied from 1 to 10 years (average 3 years). The most common presenting symptom was a feeling of unsteadiness (Table 1) , and this usually preceded other symptoms by many months. In six patients this loss of balance was associated with a tendency to veer to one side when walking. Vertigo and vomiting also occurred early in the course of the illness and tended to be episodic. In one patient the vertigo was related to posture whereas in two others vomiting was precipitated by a particular position. Nausea was a marked feature in three cases, and two 
Radiological Findings
Skull radiographs were obtained in all patients in the series, but were contributory in only one case in which a mottled area indicating calcification was seen in the region of the fourth ventricle. Lumbar air encephalography performed in three cases suggested a fourth ventricle tumor by failure of air to enter the ventricle. Five patients underwent ventriculography, which showed a lobulated tumor arising from the floor of and irregularly filling the fourth ventricle, the upper half of which was often dilated and displaced upward and to one side. In two cases vertebral angiograms were obtained, and these showed an avascular mass in the region of the fourth ventricle.
Ten patients were studied by computerized tomography (CT) scanning, and these scans were available for review. With CT, all but one of the tumors appeared to be intraventricular, and most extended into the cerebellar hemispheres; the only exception was a tumor in the left cerebellopontine angle. The tumors usually arose low in the fourth ventricle, which was displaced upward or to one side. The tumors were all solid and were usually isodense with brain, and half of them showed calcification (Fig. l left) . All but one tumor enhanced on administration of contrast material, and the pattern tended to be homogeneous and moderate in intensity (Fig. 1 right) . Associated hydrocephalus was noted in nine of the 10 cases. In Case 7, the presence of the tumor in the fourth ventricle was not recognized at initial presentation in 1978 due to failure to appreciate the upward displacement of the ventricle. When the patient was reexamined in 1982, the tumor was obvious and was larger than 5 cm in size (Fig. 1) . Apart from this case, tumor size was estimated on CT as being less than 4 cm in six cases and greater than 5 cm in three. One patient in the series underwent magnetic resonance imaging, which clearly showed a midline posterior fossa tumor (Fig. 2) .
Operative Findings
With the exception of Case 6 in which the tumor lay in the left cerebellopontine angle, tough lobulated gray tumor was seen protruding from the foramen of Magendie into the cisterna magna in all cases (Fig. 3) . In at least seven cases it extended around the medulla and up toward the cerebellopontine angles, involving the vertebral arteries, although in each case the tumor was easily dissected off these structures. The tumor arose from the floor of the fourth ventricle in seven patients and from the roof in two; there was no evident attachment in two others. In the latter two cases the surgeon believed a complete removal had been achieved, and no disturbance of cardiovascular function occurred during the procedure. Alteration of vital signs was noted during dissection in all of the seven cases in which tumor arose from the floor of the ventricle, and curtailed tumor resection in all but one case. Vital signs were also affected in one of the two cases in which tumor was attached to the roof of the ventricle; in both of these cases removal was subtotal due to infltration of the cerebellar peduncles.
Outcome
There were five postoperative deaths in the series (Table 2 ). In each of these cases the tumor had been attached to the floor of the fourth ventricle. Marked changes in pulse and blood pressure occurred intraoperatively, and the patients failed to breathe adequately afterward. One other patient died of bronchopneumonia 2 years after operation, having recovered and returned to independent life in the interim. Thus, the operative mortality in this series was 41.6% and the case mortality was 50%. The survivors have been followed for a period of 1 to 13 years (average 4.6 years), and there has been no clinical evidence of tumor recurrence in those patients in whom the lesion was completely removed and no evidence of progression of the residual tumor in Case 4 was seen on CT scans obtained six times annually. All of the patients are functionally independent, although three have objective evidence of mild deficits referable to the brain stem.
Pathological Findings
Histological examination of the biopsy specimens showed similar appearances in all cases. The character- istic features consisted of a matrix of dense fibrillary material that stained positively with stains for glial fibers and that contained scattered clusters of fairly uniform cells with oval nuclei. The rather sparse cells did not show specific orientation and in particular did not have rosette formation. Calcification was present in the majority of specimens, and cystic spaces were often found. Blood vessels were either thin-walled or contained hyalin, and rarely, if ever, showed endothelial hyperplasia. Necrosis and hemorrhage did not seem to be features of this tumor. Autopsy was carried out in three patients (Cases 3, 7, and 12), in whom the postoperative survival time was 2 months, 2 weeks, and 3 days, respectively. The macroscopic appearances were remarkably similar, allowing for the range of survival time. Ventricular dilatation was present in Case 3, but not in Cases 7 or 12, patients in whom shunts had been placed. In all three cases a relatively large amount of residual tumor occupied the fourth ventricle and emerged from one or the other (or both) lateral foramina to fill the cerebellopontine angle and compress the medulla. In Case 3 tumor extended caudally on the left side as far as the decussation of the pyramids, but in Cases 7 and 12 only the upper medulla was compromised. In all cases tumor infiltrated the floor and/or the roof of the fourth ventricle, or the region of the cerebellar peduncles (Fig. 4) .
R. Jooma, et aL
Histologically, the tumors appeared similar to the biopsy specimens, except for the occurrence of hemorrhage. Cytological features of malignancy were not present, but the tumors clearly had the capacity to infiltrate nervous tissue in both gray and white matter. 
Discussion
Characteristics of subependymomas include their position in the wall of the lateral or fourth ventricle and their indolent growth, which accounts for the frequency with which this tumor is found incidentally at autopsy.l~ Subependymomas have a distinctive microscopic appearance, but their origin has been a matter of some controversy. They have been variously viewed as a neoplasm composed of subependymal glia, 1' 8 of astrocytes of the subependymal plate) '5'7"1~ of ependymal cells, 9 or of a mixture of astrocytic and ependymal cells. 3'6~1 This uncertainty is due in part to the varying proportion of astrocytes and ependymal cells in those transitional tumors with mixed areas of ependymoma and subependymoma. 6 The combined type of tumor tends to occur in the first decade of life and pursues a more malignant course than the pure subependymoma. 1~ For this reason we prefer to consider these mixed neoplasms as variants of ependymomas and separate them from the subependymoma. During the period of this study we saw three patients, not considered in this paper, aged 2, 8, and 25 years, who had a mixed ependymal tumor in the fourth ventricle, and all were dead within 2 89 years despite surgical treatment.
Previous reports have described the tumor as being located infratentorially in more than 70% of cases and arising with an equal incidence from the floor or roof of the fourth ventricle, with a small proportion in the lateral recesses. 1~ However, these infratentorial lesions come to clinical attention in only a third of cases, and of those that do, the majority arise from the floor of the fourth ventricle. ~ This was reflected in our series, with 58% of the tumors originating from the floor and 16.6% from the roof of the ventricle. The single tumor located in the lateral recess of the ventricle presented as a cerebellopontine angle mass. Multiple subependymomas of the fourth ventricle have been reported) and subependymomas have also been found in combination with a choroid plexus papilloma 9 and a cerebellar astrocytoma. 3 A case of subependymoma manifesting simultaneously in monozygotic twins has been described. 4
Seventy percent of the patients in our series were men, a sex predilection that has been noted previously. 2 A striking feature of the clinical presentation was the long duration of symptoms (average 3 years), which was similar to the 38-month duration in the cases collected by Scheithauer. ~1 This slow progression in a patient in the fifth or sixth decade of life differentiates subependymomas from other more common tumors of the fourth ventricle. 12 We have also noted that symptoms of bulbar dysfunction tended to precede those of raised intracranial pressure by many months. The relationship of vertigo and vomiting to posture in some of these patients may indicate infiltration of the vestibular pathways. Although the patient's history may suggest a subependymoma, the physical signs are not specific and reflect only the location of the tumor.
Calcification is common in this tumor. It was identified in 50% of the CT scans we reviewed but was visible on skull x-ray films in only one case. This calcification, combined with a lobulated asymmetrical appearance and uniform radiodensity, is highly predictive of the pathological diagnosis. This is important for the selection of technique of resection. Characteristics of other tumors of the fourth ventricle that allow their differentiation from subependymomas include: the age of the patient (medulloblastoma and ependymoma); the enhancement pattern on CT scans or angiographic blush (choroid plexus papilloma and meningioma); and the lack of calcification on CT and a rapid clinical course (metastasis and malignant glioma). The disposition of the tumor can be seen most effectively on magnetic resonance imaging, as is true for many posterior fossa lesions. We suggest that this imaging method should be used wherever possible in such cases to assist in planning surgery.
Review of the operative findings suggests that, compared to the radiological studies, the surgeon had underestimated the size of the tumor in most instances. Furthermore, the extent of the tumor as disclosed radiologically in the three cases that underwent autopsy far exceeded the impression of size gauged at surgery. It is a common experience that resection of fourth ventricle tumors is limited by dramatic alterations of pulse, blood pressure, and respiration in those patients who are not paralyzed. In our series, alteration of vital signs occurred during dissection in the seven cases in which the subependymoma was attached to the floor of the ventricle, and this curtailed excision in all cases but one. The great hazard of postoperative respiratory failure in patients undergoing excision of tumors from the fourth ventricle was highlighted by the five deaths in our series.
The surface of the tumor is often nodular and lobulated. Sometimes there appears to be a crisp demarcation line between the lesion and the brain stem, encouraging the surgeon to undertake total resection. However, the nodular formation and the difference in consistency between the tumor and surrounding brain make it difficult to dissect the tumor, and what at first appears to be a well defined plane of dissection is eventually lost in areas of infiltration, particularly at the cerebellar peduncles (see Fig. 4 ). We believe that the presence of this tumor is a strong indication for the use of a laser or ultrasonic aspirator. The lesion must not be pulled off the floor of the fourth ventricle. If an atraumatic resection is not possible, it is better to leave the tumor undisturbed and insert a ventriculoatrial shunt.
Postoperatively, all patients should spend several days in an intensive care unit attached to an apnea alarm, since respiratory arrest can occur suddenly during sleep without prior warning of deterioration, an iatrogenic "ondine's curse."
